Assessment of seasonal variations in surface water quality characteristics is an essential aspect for evaluating water pollution due to both natural and anthropogenic influences on water resources. In this study, temporal variations of water quality in river Rwizi section within Mbarara municipality, Uganda, were assessed using multivariate statistical methods. This river section is a major source of water for the inhabitants of Mbarara municipality. Water samples from five sites were analyzed for physicochemical parameters such as pH, EC, turbidity, temperature, TSS, TDS, alkalinity, salinity, colour, NH 3 -N, 2 4 SO − , total hardness, BOD, COD, DO, Ca, Mg, Fe, and Mn. About 50% of sites recorded colour above 800 Pt Co, 60% of sites recorded turbidity above maximum permissible limit of 100 mg/l, attributable to erosion and mineral matter. pH for dry season ranged between 6.5 and 8.5 whereas for rainy season was below 6.0. All study sites recorded total Fe above 0.3 mg/l and Mn below 0.5 mg/l, attributable to chemical weathering of host rock materials as well as from industrial effluent. About 60% of sites recorded COD above 100 mg/l, 40% and 80% of study sites showed BOD above 50 mg/l in dry and rainy seasons respectively. Hardness ranged between 50 and 100 mg/l indicating that the water is moderately soft. Colour, turbidity, alkalinity, TSS, TDS, salinity, pH, hardness, Fe, Mn, NH 3 -N, BOD, COD, and DO were higher in rainy season, as a result of erosion, discharge of domestic and industrial waste. Mg, Ca, and 2 4 SO − were higher during dry season due to high evaporation of water from the river. PCA/FA determined that 81.2% of the total variance was explained by the first factor for the dry season and 69.2% for rain season. These results revealed that water pollution resulted primarily from domestic waste water, agricultural runoff and industrial effluents.
Introduction
Access to clean and safe water and improved sanitation facilities and practices are pre-requisites to a healthy population and therefore have a direct impact on the quality of life and productivity of the population. Thus, information on water quality and pollution sources in such water bodies is important for the implementation of sustainable water use management strategies [1] . For effective maintenance of water quality through appropriate control measures, continuous monitoring of a large number of quality parameters is essential [2] . In addition, due to seasonality and regionality of river water, assessing spatial-temporal variations has become an important aspect of river water quality at a watershed level as an important aspect for the physical and chemical characterization of aquatic environments [3] . The studies in Uganda have shown that most water resources are easily contaminated from anthropogenic activities especially in urban areas [4] [5] [6] [7] [8] .
Hence, it is necessary to obtain information on the temporal variation of physico-chemical characteristics of water resources in order to provide baseline information for a monitoring program for water resources in Uganda. For instance, information on temporal variation in physico-chemical characteristics of water resources can help in deciding on the type of water treatment process to be adopted [9] [10].
Investigations of water quality often require that numerous variables be examined simultaneously [11] . Infact, in the recent decades, river water quality monitoring by measurement of numerous water quality parameters has increased tremendously. Since the number of variables involved is greater than two, application of multivariate statistical analysis techniques gives simpler and more easily interpretable results for the evaluation of the observed water quality data [12] [13] [14] [15] [16] . Hence, the application of multivariate statistical techniques such as principal component analysis, and factor analysis have increased tremendously in the recent years for analysing water quality data and drawing meaningful information. These techniques allow the identification of possible sources of pollutants that influence water systems. They also offer a valuable tool for reliable management of water resources as well as rapid solution for pollution problems [16] [17] . The River Rwizi section was selected for water quality evaluation because it is a major source of water for the inhabitants of Mbarara Municipality. The river Rwizi water catchment has been studied by several researchers [18] [19] . The studies in Uganda have shown that most water resources are easily contaminated from anthropogenic activities especially in urban areas [8] . However, no studies have been reported on the temporal varia-tion of river Rwizi. Therefore, this study was to evaluate the seasonal variation of water quality of river Rwizi section in Mbarara Municipality.
Materials and Methods

Location of Study Area
The study area is located in Mbarara Municipality found in Mbarara District, south western Uganda (Figure 1 ). The study section of the river is about 15 km long. It lies between co-ordinates 0˚374.69˚S, 030˚372.76˚E, and 0˚36'30.32˚S, 030˚41'51.13˚E. The Rwizi catchment covers a total area of 2521 km part of the catchment [19] . River Rwizi originates from the Buhweju hills in south western Uganda and has various tributaries. It traverses over ten districts including Bushenyi, Ntungamo, Sheema, Mbarara, Kibingo, Isingiro, Kiruhura, Lyantonde, Rakai and Buhweju among others. It eventually pours its waters into Lake Victoria via the network of the Kooki lakes (Mburo, Kachera, Nakivale, and Kijanebarola, among others) system. The river serves two Ramsar sites of L. Mburo/Nakivale wetland system and Sango Bay wetland forests. The river is a major source of water for domestic, agricultural and industrial activities in South western Uganda [19] .
Water Sample Collection
Water samples were collected from five sampling sites of river Rwizi for dry and rainy seasons. The collected samples were stored in a 1.5 L polyethylene plastic bottle cleaned with metal free soap, rinsed many times with deionised water and then soaked in acidified potassium dichromate (VI) for 24 hours in order to remove any other contaminants that were not removed by soap and then rinsed again with deionised water. Sampling site selection criteria included natural conditions as well as catchments with human activities.
Site 1 (BSU) represents the influence of activities in the Rwizi catchment within Mbarara municipality on the quality of the river Rwizi water. Site 2 (Kakoba), site 3 (Katete), site 4 (GBK) are affected by a variety of wastes from residential, agricultural, river sand mining, brick making and industrial activities. Site 5 (Spencon) represents the water entering the Municipality.
Analysis of River Rwizi Water
The selected water quality parameters were analysed using methods that were adopted from various textbooks and Manuals of analytical chemistry [20] [21] [22].
The temperature, pH, electrical conductivity (EC), total dissolved solid (TDS) and salinity of the water samples were measured on site by a thermometer, pH meter, EC, CIBA-CORING conductivity meter, TDS and salinity using the multi-parameter water quality monitoring instrument respectively [20] . Dissolved oxygen (DO) was determined by DO bottle method, Biochemical oxygen demand (BOD 5 ) by the Winkler-azide method and chemical oxygen demand (COD) by using DR/2010 spectrophotometer respectively [20] .
Total suspended solids (TSS) was determined by using the photometric method, colour by the platinum-cobalt standard method, and ammonia-nitrogen (NH 3 -N) by the Nessler method [22] . Sulphate was determined by using the Sulfaver-4-method, DR 2010 spectrophotometer [20] . Alkalinity was determined by titration using standard sulphuric acid [21] , total hardness by titration with standard ethylene diamine tetra acetic acid and turbidity using HACH 2100AN turbidimeter [20] . Ca and Mg were determined by titration with ethylene diamine tetra acetic acid [20] . Flame atomic absorption spectrophotometer (Perkin Elmer model 2380) was used to determine Fe and Mn [21] . were subjected to normality tests by fitting them with normal and lognormal distributions, on the premise that the variables were independent and identically distributed over the study area and sampling period.
Statistical Methods
Principal Component Analysis
Principal component analysis (PCA) is defined as an orthogonal linear transformation that transforms the variables to a new coordinate system such that the greatest variance by any projection of the variables comes to lie on the first coordinate (called the first principal component), the second greatest variance on the second coordinate, and so on [23] . PCA is designed to transform the original variables into new, uncorrelated variables, called the principal components, which are linear combinations of the original variables [24] . A principal component provides information on the most meaningful parameters, which describes a whole data set, affording data reduction with a minimum loss of the original information [25] [26].
Factor Analysis
Factor analysis (FA) is a multivariate statistical technique that can be utilized to examine the underlying patterns or relationship for a large number of variables and summarize information in a smaller set of factors or components for prediction purposes [15] . The main purpose of factor analysis is to reduce the contribution of less significant variables and to simplify even more the data structure coming from the PCA. As a result, a small number of factors will usually account for approximately the same amount of information as do the much larger set of original observations [25] [26] .
Classification of factor loading is thus strong, moderate, and weak; corresponding to absolute loading values of greater than 0.75, 0.75 -0.50, 0.5 -0.3 respectively [27] . The largest factor loading either positive or negative, suggest the meaning of the dimensions. Positive factor loading shows that the contribution of the variables increases with the increasing factor loading in dimension. Negative factor loading on the other hand indicates a decrease of contribution of the variable with increasing loading [12] [28].
Results and Discussion
Seasonal Variations of Water Quality Parameters of River Rwizi
The mean temporal variation in concentration of physico-chemical parameters are presented in Figure 2 and Total hardness, NH 3 -N, and alkalinity ( Figure 2 ) were slightly higher in rainy season than in the dry season. The highest alkalinity measurements were recorded in August and September while the lowest were in May and June ( Figure   4 (a)). NH 3 -N was highest in July and August (Figure 4(b) ) while hardness was highest in August and October (Figure 3 ). These were due to effluent discharge at the start of the rainy season. Besides, there was increased sewage, domestic waste, and animal excreta, during the rainy season. The presence of ammonia in the river water, during the dry season was attributed to domestic pollution.
Hence the high concentration of NH 3 -N observed during the rainy season indicated the influence of urban domestic waste and raw sewage on River Rwizi.
The mean total iron and manganese concentration were higher in the rain
season (Figure 3). The highest concentration of iron was recorded in May and
August while the lowest were in June and July (Figure 4(q) ). The highest concentration of manganese was registered in September while the lowest was in June (Figure 4(k) ). The iron and manganese was attributable to waste water discharge, effluents from industries and rain water runoff in Mbarara municipality, and mineralisation of rocks thereby releasing metal ions into the river.
The average COD, BOD, and DO value were higher in the rain season than in the dry season (Figure 3 ). The highest COD was recorded in September while the lowest was in May (Figure 4(e) ). The highest BOD measurement was recorded in August while the lowest was in May (Figure 4(c) ). The highest DO measurements were recorded in August and September while the lowest was in May (Figure 4(g) ). The mean COD and BOD 5 were higher in the rainy season mainly due to the high effluent discharge from storm drainage, factories and urban settlements. In addition, the higher COD measurement during the rainy season was partly due to increased inflow of organic matter into the river. The average pH ( Figure 2 ) was higher in dry season than in the rainy season.
The highest pH measurement was recorded in May while the lowest was in July (Figure 4(l) ). The pH of the water samples were below 7, indicating that the water was acidic. This may be attributed to the dissolved acidic gases, oxidation of sulphur compounds and hydrolysis of cations with high charge densities. Generally, the pH values in this study were indicative of good water quality. The average pH values were within the acceptable range of regulatory limits [32] [33]
[34] except for the rain season which was slightly more acidic than the limits. September (Figure 4(n) ). These mainly arose from mineralization processes of the carbonate containing rock materials in contact with water, for example dolomite and calcite [29] . In addition evaporation of water during the dry season led to increase in concentration of calcium, magnesium and sulphate.
Principal Component Analysis
PCA/FA was performed on the normalised data sets containing 19 variables, separately for the two seasons of the year, in order to identify important seasonal water quality parameters [29] [31]. PCA of the two data sets yielded two principal components with Eigen values greater than one (Table 1) .
For each season two factors were obtained through the FA performed on the principal components. In addition, scree plots for both dry and rain seasons revealed that the water quality data sets consist of two component system ( Figure   5 ). Table 1 . Factor loading values and explained variance of quality parameters of river Rwizi for the two seasons. The factor loadings were used to determine the relative importance of a water quality variable compared to other water quality parameters in a factor and do not reflect the importance of the factor itself [29] . Classification of the factor is thus: "strong", "moderate", and "weak", corresponding to absolute loading values of greater than 0.75, 0.75 -0.50, 0.5 -0.30, respectively [27] . Therefore, each water quality parameter with a strong correlation coefficient value greater than 0.75 was considered to be a significant parameter contributing to seasonal variations of the water quality in River Rwizi. The strong factor loadings on colour, turbidity, TSS, TDS, E.C, salinity, SO − could also be attributable to changes in the intensity of the weathering process. NH 3 -N with strong factor loading value was a demonstrator that the influx of nitrogenous organic wastes into river caused extra seasonal variation in river water quality.
Factor 2 accounted for about 30.8% of the total variance. The parameters with strong factor loading values in this factor and the most important in water quality variation were Fe, pH, COD, BOD, DO, alkalinity and total hardness. This was a demonstrator that there is entry of organic and inorganic waste from domestic waste water, raw sewage, as well as industrial effluents, with considerable pollution. This caused extra variation in river water quality more times of the study. The result has demonstrated that Fe, Mn, Ca, and Mg may not necessarily be as a result of anthropogenic inputs but may also be due to the soil /sediment characteristics over which the river water flows.
The BOD 5 and COD with strong factor loadings were due to entry of waste water effluent and raw sewage, which caused considerable pollution. This was explanatory of the fact that there was entry of domestic waste, industrial waste and raw sewage into the river. 
Conclusions
In this study, seasonal variation in surface water quality was assessed by using PCA/FA. The results revealed that water pollution resulted primarily from domestic waste water, agricultural runoff, industrial effluents and natural hydrologic processes. All the study sites recorded iron, COD and pH (rain season) above allowable maximum limit in surface water. Also some sites showed higher manganese, BOD and TDS than the standards.
The principal component analysis and factor analysis were used to extract and recognize the factors or origins responsible for water quality variations in the two seasons of the year. PCA/FA determined that 81.2% of the total variance was explained by the first factor for the dry season and 69.2% for rain season. Consequently, it was important that when choosing water quality parameters for im-plementing environmental monitoring strategies in river basins, the seasonal variations of the parameters in assessment of water quality must be taken into account. This study demonstrated the importance of multivariate statistics for analysis of complex water quality data sets and their interpretation. It also assists in identification of pollution sources. The results provide a better understanding of seasonal variations in water quality of river water systems.
